This study aimed to analyse the tree community of an urban forest with 40 years of natural regeneration after abandonment of the degraded land. We hypothesized that after four decades of forest succession, the diversity, structure and functional aspects of the community would be similar to other secondary surrounding forests. We established ten plots (20x 20m), where all trees with DBH ≥ 5 cm were sampled. The inventory included 605 trees (1513 ind.ha -1 ) distributed across 25 species. The diversity index (H' = 0.92) and basal area (10.43 m 2 .ha -1 ) were lower than in surrounding forests. The results showed a great dominance of Eremanthus erythropappus with consequent delay in successional advance, and low potential of attraction of fauna, which suggests the need for management to control its population. Understanding the functioning of novel urban forests and discussing these neglected ecosystems is fundamental to guide management actions for both human and ecosystem prosperity.
INTRODUCTION
A number of consensual changes occur over time at the community level in natural secondary forest succession. Fast-growing light and shade-intolerant species are gradually replaced by slow-growing and shade-tolerant species (Brown & Lugo, 1990; Chazdon, 2012) . An increase in the complexity of structural parameters (e.g. basal area, canopy stratification), taxonomic and functional diversity is also expected over succession (Guariguata & Ostertag, 2001; Chazdon, 2012) . However, human disturbances in tropical landscapes often generate different and unpredictable successional pathways of secondary forests (Gardner et al., 2009; Chazdon, 2012; Arroyo-Rodríguez et al., 2017) .
In this context, urban forests stand out as "novel forests" according to the concept of "novel ecosystems" (Lugo, 2013; Perring et al., 2013; Hobbs et al., 2013) . Basically, novel ecosystems emerge from human impacts and components of the newly formed ecosystems differ from the historical ones Morse et al., 2014) . Most of the tropical novel forests originate from natural regeneration after the abandonment of agriculture fields and pastures in a highly fragmented landscape (Lugo & Helmer, 2004; Lugo, 2009 Lugo, , 2013 . The most important aspect presented by novel tropical forests that differ from most natural secondary forests under regeneration is the introduction and dominance of exotic tree species (Lugo & Helmer, 2004; Mascaro et al., 2008; Lugo, 2013; Silva, 2014) . Despite showing a reduction of important values over time, some studies have suggested that these exotic species will not leave tree communities of Puerto Rico's novel forests (Lugo & Helmer, 2004) .
Given the importance of urban forests to maintain ecosystem services, biodiversity conservation and human welfare (Alvey, 2006; Kowarik, 2011; Perring et al., 2013) , these ecosystems must be well studied for further management actions. Therefore, we analysed the tree community of an urban forest fragment dominated by the native species Eremanthus erythropappus (DC.) MacLeish (Asteraceae) which has undergone 40 years of natural regeneration since the abandonment of degraded land. This dominant species is commonly found in naturally regenerated Atlantic Forest remnants in southeastern Brazil, mainly in areas with shallow soils and high altitudes (Salimena et al., 2013; Ribeiro et al., 2017) . Eremanthus erythropappus is a pioneer arboreal species, precursor in the colonization of fields and forest openings (Carvalho, 1994; Souza et al., 2007) , which shows environmental plasticity and is often found forming dense populations that settle after disturbances (Lopes et al., 2013) .
In this context, to better understand the ecological aspects of secondary urban forests, we aimed to analyse the tree community of an urban forest fragment under 40 years of natural regeneration after abandonment of the degraded land. We hypothesised that after 40 years of forest succession, parameters such as diversity (species richness and diversity index), structure (tree density and basal area) and functional aspects (presence of zoochoric and shade-tolerant species) of the community would resemble the patterns found at secondary forests with similar land-use history and located at nearby landscapes.
MATERIALS AND METHODS

Study area and species sampling
This study was conducted in a small urban forest fragment in the Atlantic Forest domain (2 ha, 21º46'36"S, 43º22'04"W) (Figure 1 ) located at the Federal University of Juiz de Fora (UFJF), municipality of Juiz de Fora, Minas Gerais state, Southeastern Brazil. The UFJF terrain was initially a pasture area submitted to intense arborisation, especially with the exotic North-American species Pinus elliottii Engelm., in its central area, when the institution was created (1969) . However, the surrounding areas were abandoned and have undergone a process of natural regeneration (without direct human intervention such as fire control or logging), resulting in forest fragments with a current age of approximately 40 years. The present study was conducted in one of those fragments which is currently dominated by the native "Candeia" species [Eremanthus erythropappus (DC.) MacLeish; Asteraceae].
The region has a subtropical climate (Cwa Megathermic climate of Köppen; Kottek et al., 2006) , characterised by rainy summers (October to March) and dry winters (April to September). The mean annual temperature is 19 °C and the average annual rainfall varies around 1500 mm, with a dry season length from four to six months with less than 100 mm of rainfall (CESAMA, 2015) . The altitude is around 850 m and the predominant soil type is Distrophic Red-Yellow Latosol (FEAM, 2010). The studied forest fragment belongs to a semi-deciduous seasonal forest in the Atlantic Forest domain (IBGE, 2012) . Analysing aerial photographs, we observed that the original vegetation of the studied area was suppressed (or grounded) and the soil was impacted due to constructions (e.g. earthmoving for buildings placement) in the beginning of the 1970s.
For the data sampling, we randomly established ten permanent plots (20 x 20 m) in the forest fragment. All living and dead standing trees with a diameter at breast height (DBH 1.30 m) ≥ 5 cm were tagged, identified and had their diameter measured. Identification of botanical material was made by consultation with experts and through comparison with material deposited in the herbarium Leopoldo Krieger (CESJ) of the Federal University of Juiz de Fora (UFJF). The names of the species and botanical synonyms were confirmed by consulting the Flora of Brazil 2020 (REFLORA, 2017) in construction and the classification of botanical families followed APG IV (2016).
Data analyses
We calculated the phytosociological parameters for species (density, dominance, frequency and importance value) and the diversity (Shannon, H') and evenness (Pielou, J') indices for the community (Kent & Coker, 1992) . The non-parametric estimator "Jackknife 1" was used to estimate the minimum species richness which can be achieved based on the species heterogeneity found in the samples (Magurran, 2004) . Structure and diversity attributes from secondary forests surrounding our study area and with similar land-use history (Fonseca & Carvalho 2012; Brito & Carvalho, 2014; Carvalho et al., 2014) were compared with our results.
To infer the regeneration capability of the community and the main species, we evaluated their diametric structure using histograms (5 cm diameter interval) and logarithmic regression (Meyer, 1952) . Species with a diametric structure in logarithmic shape (e.g. most individuals concentrated in the first diameter classes) indicate high regeneration capability.
Species were classified into successional groups as pioneer species (high light demanding for successful regeneration) or secondary species (able to establish and survive in shaded conditions), according to the database of Oliveira-Filho & Scolforo (2008) . Species were also classified according to their dispersal syndrome as zoochoric, anemochoric or autochoric, based on the morphological criteria of fruits established by Van der Pijl (1982) .
To evaluate whether the observed results of diameter classes and successional groups were due to the high abundance of Eremanthus erythropappus, we repeated the analyses for the whole community after removal of individuals of E. erythropappus.
RESULTS
We sampled 605 living trees (1513 trees.ha -1 ) from 25 species and 14 families ( Table 1 ). The minimum species richness estimated was 38 species (Jacknife 1). Community diametric structure showed a J-reverse shape (R 2 = 0.99, p < 0.01), with 72% of trees in the smaller diameter class (Figure 2A ). Among the three most representative species, the same pattern was found for E. erythropappus (R 2 = 0.99, p < 0.01) ( Figure 2B ), and Miconia cinnamomifolia (R 2 = 0.85, p < 0.01) ( Figure 2C ), but not for Piptadenia gonoacantha (R 2 = 0.21, p = 0.438) ( Figure 2D ). The most dominant species, Eremanthus erythropappus, corresponded to 81.8% of sampled trees and 76.94 of community basal area. Pioneer species corresponded to 96.3% of the individuals and 52.0% of the species, whereas anemochoric species corresponded to 85.5% of the individuals and 36.0% of the species. 
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Community When the most abundant species (E. erythropappus) was removed from the analyses, the Shannon's diversity (H' = 2.46) and the evenness (J' = 0.77) indices increased. The same J-reverse shape was found for the diametric structure of the community (R 2 = 0.90, p < 0.01) with 68% of the trees found to be in the smaller diameter class. Conversely, the percentage of pioneer individuals and species decreased (76.3% and 50.0%, respectively), and a greater proportion of the zoochoric syndrome was found (78.2% of the individuals and 62.5% of the species).
DISCUSSION
The analysis of diversity and structure of an novel urban forest dominated by Eremanthus erythropappus showed that this dominance negatively influenced the attractiveness to fauna, as well as species richness, diversity and basal area. Moreover, this dominance will probably persist for the next few years due to the regeneration capability presented by E. erythropappus. 
Effects of E. erythropappus in the forest structure and diversity
We hypothesised that within 40 years of forest succession after abandonment of the land, parameters like forest structure (basal area, tree density) and diversity (species richness, diversity index) would be similar to those of secondary forests located in the same region and with similar land-use history. Our results did not confirm this hypothesis, but rather showed parameter values lower than those in other secondary forests in the same region despite the shorter time of regeneration Table 1 ).
Several studies of post-disturbance forest succession have shown that tree community can recover and reach advanced stages within 40 years (Aide et al., 1995; Chazdon, 2008; Chazdon et al., 2010) . The main contributors to this recovery are the remaining trees that persist in the system after disturbance (contributing in basal area, density, species richness and seed bank), sprouting species (contributing to higher grow rates in comparison with seedlings) and low disturbance after abandonment (allowing tree species to grow and interact without interference) (Letcher & Chazdon, 2009; Chazdon et al., 2010) .
Species richness, species index and tree density were lower than those observed in secondary forests, and even in the same city (Fonseca & Carvalho, 2012; Brito & Carvalho, 2014; Carvalho et al., 2014) . Furthermore, the "Jackknife 1" value confirms the low species accumulation capacity of the area. The analysis of diversity suggests that few species dominate the tree community, mainly due to the high density of E. erythropappus. In addition, E. erythropappus features low maximum diameters (Souza et al., 2007) , which is reflected directly in the low community basal area. The number of standing dead trees (17.34% of all sampled trees) can be considered a high number compared to other studies, where this value ranges from 1,86% to 11% (Silva & Nascimento, 2001; Budke et al., 2004; Hack et al., 2005; Moreira & Carvalho, 2013 ). When we removed E. erythropappus from the analyses, the diversity (H') and evenness (J') indices increased, suggesting a negative effect of E. erythropappus in the studied community, where its high dominance increases the competition and can play an inhibitory role over other species.
Horizontal structure and functional aspects
We expected that the forest fragment had already reached advanced stages in the successional process after 40 years of natural regeneration, presenting more individuals with large diameters and shade-tolerant species. However, our results showed that the present community has a large number of individuals in the first diameter class and few or no individuals in the last diameter classes. Furthermore, the community presented a great abundance and individuals of pioneer species, mainly due to the high density of E. erythropappus.
Communities at earlier stages of regeneration usually present increased numbers of individuals in the first diameter classes, whereas mature forest communities present more individuals with great basal areas, demonstrating the forest communities' capacity to accumulate biomass (Chazdon et al., 2007; Chazdon, 2008; Letcher & Chazdon, 2009 ). According to Chazdon (2008) , pioneer species with a short cycle such as E. erythropappus, do not tend to persist in tropical forest communities for more than the first 15 years of regeneration. The diametric distribution of the study area showed that pioneer species, especially E. erythropappus, tended to remain in the community for a long period of time, characterising a forest fragment with difficulty to advance on the successional process. The results are in accordance with Chazdon (2008) who explains that the presence of pioneer species is a peculiar characteristic of forests with anthropogenic disturbance.
The self-regenerative capacity of E. erythropappus was also observed by Souza et al. (2007) in areas with a natural occurrence of this species and at earlier stages of successional process. This colonist species presents resistance to low humidity and to poor and shallow soils, with high levels of sand, and is often found at mining degraded areas (Amaral et al., 2013) . Silva et al. (2008) showed that the regeneration of E. erythropappus has an aggregate distribution pattern and the capacity to form mosaics in the vegetation, giving rise to large populations. However, with the ripening of the individuals, E. erythropappus tends to exhibit a random pattern (Silva et al., 2008) and a reduced number of individuals, giving space for populations of other species that naturally increase
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Community Succession in an Urban Novel Forest... Floresta e Ambiente 2018; 25(4): e20170829 during the advancement of the successional process (CETEC, 1996; Souza et al., 2007; Amaral et al., 2013) . Therefore, the persistence of E. erythropappus in the studied tree community may indicate the high level of disturbance of the area and its difficulty to advance in natural ecological succession, requiring actions of sustainable forest management techniques or enrichment with more competitive species to restore the expected community functioning.
Low supply of food for fauna species
Animal taxa usually colonise secondary forests along the first 20-40 years of regeneration (Dunn, 2004) and consequently increase the number of zoochoric tree species. The present study area showed a tree community dominated by anemochoric individuals and a low percentage of zoochoric species for the time of abandonment after disturbance (Dunn, 2004; Chazdon, 2008) . However, as mentioned above, when E. erythropappus was removed from the analyses, we found a higher proportion of the zoochoric syndrome for both species and individuals. This indicates that, with an appropriate management plan to control the number of E. erythropappus, the community potential to attract the local fauna can be restored.
Although the studied forest fragment is located close to other forest fragments (< 200 m), the dispersal of animal species might be limited due to the highly urbanized matrix (Laurance & Laurance, 1999; Dauber et al., 2003; Prevedello & Vieira, 2010; Schleicher et al., 2011) . The presence of zoochoric tree species is important for the progress of the ecological succession because it acts as a food source for animals, increasing the number of interactions (e.g. predation; competition; dispersion; mutualism) as well as the ecosystem complexity and the quality of ecosystem services (e.g. shelter for fauna and flora species; ecological corridors; biodiversity conservation) (Rebele, 1994; Tylianakis et al., 2008) .
Studied forest as a novel forest
E. erythropappus individuals have not been found in most of the urban forests analysed within the city of Juiz de Fora or in the surrounding rural areas (Pifano et al., 2007; Fonseca & Carvalho, 2012; Moreira & Carvalho, 2013; Brito & Carvalho, 2014 ; Oliveira-Neto et al., 2017). The presence of E. erythropappus was only reported by Carvalho et al. (2014) who showed a much lower density of occurrence (11.5% of the total individuals). The urban forest fragment analysed by Carvalho et al. (2014) is more recent in regeneration (20 years) and is located very close to our study area (less than 50 m apart). This area is dominated by the alien species Pinus elliottii Engelm. and presented a H' value (1.48 nats.ind -1 ), higher than the value reported here. Moreover, in contrast to the mentioned works, our Jackknife results highlighted a low richness, and this suggests that the forest fragment have limiting factors.
The present studied forest fragment emerged in a small piece of terrain (~ 2 ha), in an intense disturbed landscape in the past where the whole vegetation was suppressed and the soil was impacted due to constructions (e.g. earthmoving for building work). Some of Puerto Rico's novel forests have emerged from a similar process to our study area, where the succession after abandonment of highly fragmented landscape and degraded areas generated novel forests dominated by alien species (Lugo & Helmer, 2004; Lugo, 2013) .
The difficulty to advance in succession, the low potential for attraction of fauna and the remarkable and lasting presence of the pioneer E. erythropappus in the study area can point to a biotic reassembly and taxonomic homogenisation with prominence of native, disturbance-adapted species, capable of proliferating in anthropologically impacted habitats (Lôbo et al., 2011; Tabarelli et al., 2012) . This is a process which is very similar to that found at emergent ecosystems dominated by alien species (Tabarelli et al., 2012; Lugo, 2013) . However, instead of exotic biological invasions during the regeneration process, what has actually occurred is a hyper-abundance (with patterns of mono-dominance) of a native and ecologically plastic species (Tabarelli et al., 2012) .
According to our findings, changes in the soil and habitat matrix as well as the substantial time under regeneration process and the impoverished forest community have led the system to cross a threshold so that its community is now self-sustaining, presenting a singular species composition dominated by an unusual species Morse et al., 2014) . These aspects characterise the urban forest fragment studied as an example of a novel Neotropical forest.
CONCLUSION
Our results showed that the tree species diversity and structure of the studied urban forest fragment were lower than those found in other secondary forests in the same region with half of the regeneration time (20 years).
The mono-dominance of Eremanthus erythropappus seems to be the main cause of those differences; even after 40 years of natural regeneration, the tree community presented characteristics typical of a pioneer forest, with a low density of shade-tolerant trees with large diameters, and a high density of pioneer and anemochoric trees.
Considering the capacity of E. erythropappus to persist and dominate the study area, our study suggests that management actions aiming to control its population should be implemented in the area.
Studies evaluating the structure, ecological functioning and dynamics of novel urban forests are important for the understanding of these neglected ecosystems.
They should be performed more frequently to clarify management actions and consequently optimise them both for human and whole ecosystem prosperity.
